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BASIC-ABSTRACT: A new anion exchange resin of acrylic polymer gel having 
50-90 

% crosslinking deg., 1-20 microns particle size, and 0.05-0.5 meq/g ion 
exchanging capacity, is claimed. The anion exchange resin comprises spherical 
particles made of a copolymer prepd. from 20-40 pts. wt. of 
glycidylmethacrylate and 60-80 pts. wt. of ethyleneglycol dimethacrylat e. 

USE/ADVANTAGE - Used to separate trace amt. of biopolymers-like 
polynucleotides, polypeptides or proteins in the ion exchange chromatograp hy. 

In an example, 50 g copolymer of glycerin dimethacrylate and glycerin 
monomethacrylate having 70 % crosslinking deg. and 8-12 micron particle size 
were immersed in 100 ml of 5N-NaOH water soln.. TheTrfixTwas stirred by 
ultrasonic agitator at room temp, for 60 min.; 143 g of 51 % 
beta-diethylaminoethylchloride HCI water soln. were added to the mixt., which 
was further stirred at 50 deg. Cfor5hrs.. The reaction mixt. was filtered 
off, washed and desalinated water, 100 ml of 1N-HCI, and sufficient amt. of 
water; an anion exchange resin having diethylaminoethyl gps. was obtd., which 
had 0.1 meg/g ion exchanging capacity. 
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ANIONIC EXCHANGE RESIN 



[In 'ion kohkanjushi] 



Inventors: Hiroshi Kusano et al. 

Applicant: Mitsubishi Kasei Co., Ltd. 

[There are no amendments to this patent.] 

Claims 

1. An acrylic based gel type anionic exchange resin having a degree of crosslinking in the 
range of 50 to 90%, particle diameter in the range of 1 to 20 \an 9 and exchange capacity in the 
range of 0.05 to 0.5 meq/g. 

2. The anionic exchange resin described in Claim 1, which anionic exchange resin is 
characterized by the fact that the matrix of the anionic exchange resin comprises spherical 
particles made of a copolymer raw material composed of 20 to 40 parts by weight of glycidyl 
methacrylate and 60 to 80 parts by weight of ethylene glycol dimethacrylate. 
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Detailed explanation of the invention 
Industrial application field 

The present invention pertains to an acrylic gel type anionic exchange resin. 

Prior art 

As a separator for biopolymer separation based on ion exchange chromatography, a 
porous silica gel provided with an ion exchange group (Japanese Kokai Patent Application No. 
Sho 55[1980]-66756), a porous acrylate or methacrylate provided with an ion exchange group 
(Japanese Kokoku Patent No. Sho 58[1983]-5202), etc. are known. 

Problems to be solved by the invention 

Porous separators are used for separators of the prior art, which are very useful for the 
purpose of fractioning or purification, but when used for the purpose of analysis, separation 
performance becomes inferior due to internal diffusion. Furthermore, it is not possible to analyze 
minor components at a high separation performance. 

The objective of the present invention is to produce a separator that can be used 
effectively for microanalysis of biopolymers. 

Means to solve the problem 

Thus, the present invention is an acrylic based gel type anionic exchange resin having a 
degree of crosslinking in the range of 50 to 90%, particle diameter in the range of 1 to 20 \im, 
and exchange capacity in the range of 0.05 to 0.5 meq/g. 

For different types of anionic exchange groups used in the gel type anionic exchange 
resin of the present invention, primary, second, tertiary, and quaternary amino groups can be 
mentioned, and tertiary and quaternary amino groups are more desirable. 

As for the method of manufacturing the gel type anionic exchange resin of the present 
invention, a method wherein a copolymerization reaction is carried out for a vinyl monomer 
having an amino group and a crosslinking agent, as normal, or a method where copolymerization 
is carried out for a vinyl monomer having a functional group to which an amino group can be 
introduced and a crosslinking agent, as normal, and introducing an amino group to the copolymer 
produced can be mentioned. 

For the polymerization method used in this case, a suspension polymerization reaction 
method can be used effectively. 

As an example of the latter method, first, a method of manufacturing a crosslinked 
copolymer having a hydroxyl group will be explained, and then, an introduction method of an 
amino group to the crosslinked copolymer having a hydroxyl group will be explained in detail. 



3 

As a vinyl monomer having a hydroxyl group, hydroxyethyl methacrylate, glycerol 
monomethacrylate, etc. can be mentioned. 

For a vinyl monomer that can be converted to having a hydroxyl group, vinyl acetate, 
glycidyl methacrylate, etc. can be mentioned. 

Fo r a cro sslinking agent, polyvinyl aliphatic monomers such as ethylene glycol 
dimethacrylate, diethylene glycol dimethacrylate, triethylene glycol dimethacrylate, trimethylol 
propane trimethacrylate and glycerol dimethacrylate can be mentioned. 

For examples of other crosslipking agents, polyallyl monomers having a hetero ring such 
as triallyl isocyanurate can be mentioned. 

For specific examples of the above-mentioned crosslinked copolymers, crosslinked 
polyhydroxyethyl methacrylate, crosslinked polyvinyl alcohol, crosslinked polyglycerol 
monomethacrylate, and derivatives of the same, etc. can be mentioned. 

For the degree of crosslinking (weight of crosslinking agent with respect to the total 
monomer) of the above-mentioned copolymers, a range of 50 to 90%, preferably, 60 to 80% can 
be mentioned. 

When the degree of crosslinking is below the lower limit of the above-mentioned range, 
hardness of the separator is inadequate, and furthermore, consolidation occurs at the time of 
column packing, and the liquid feed pressure becomes too high at the time of application of said 
column; thus, it is not practical. On the other hand, when the degree of crosslinking is higher 
than the above-mentioned upper limit, introduction of the exchange group at 0.05 meq/g or 
higher is very difficult, and the performance of the separator produced becomes very poor as 
well. 

The particle diameter is not especially limited, but those having a uniform particle 
diameter in the range of 1 ^im to 20 \im are desirable for an ion exchange chromatography carrier 
used for microanalysis. 

In general, the lower the particle diameter, the higher the column number of rows. 
Furthermore, in the case of the gel type resin of the present invention, it is hypothesized that only 
functional groups on the pressure-sensitive surface contribute to the separation, and from this 
point also, a smaller particle diameter is desirable. However, when the particle diameter is too 
small, the liquid feed pressure is likely to become too high. 

As a method used for introducing the anionic exchange group to the aforementioned 
crosslinked polymer particle having a hydroxyl group, a method where the reaction is carried out 
with a halogenated trialkyl amine salt under alkaline conditions, or a method where the hydroxyl 
group is replaced with a 3-halo-2-hydroxypropyl group and an amination treatment is provided 
can be mentioned. 
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The amount of functional group introduced, namely, measurement of the exchange 
capacity, is done according to the measurement method described in the application examples, 
and a range of 0.05 to 0.5 meq/g is desirable, and when the value is outside the above-mentioned 
range, an adequate separation performance cannot be achieved. 

An acrylic gel type anionic exchange resin produced by the above-mentioned method of 
the present invention is a carrier for ion exchange chromatography suitable for microanalysis of 
biopolymers (polynucleotides, polypeptides, and proteins). 

Application examples 

In the following, the present invention is explained in further detail with application 
examples. 

Measurement of the exchange capacity in application examples was done according to 
the method described below. 

A wet cake (2 g or below) of a gel type anionic exchange resin produced was placed in a 
conical flask, 20 mL of lN-NaOH were added and shaking was performed for 30 min at room 
temperature. After filtration was performed, a thorough cleaning was done with an NaOH 
solution having a pH of 10. 

Subsequently, the separator was placed in a beaker, then, 30 mL of 1% NaCl solution 
were added, and a titration curve was formed with 5 x 10" 2 N-HC1 solution at a titration rate of 20 
pL/sec as stirring was provided using an automatic titrator (GT-05, product of Mitsubishi Kasei 
Co., Ltd.). Furthermore, filtration was done for the entire amount of separator, a water wash was 
provided, and drying was further done at a temperature of 80°C for 3 h; then, accurate 
measurement was performed. 

Based on the titration curve where the titration amount is shown on the horizontal axis 
and the pH on the vertical axis, and the titration amount of the 5 x 10" 2 N-HC1 solution up to pH 
8 (first inflection point) as M mL, factor as f, and amount of dried separator as A g, the exchange 
capacity of the separator was obtained according to the equation shown below. 

Exchange capacity (meq/g) = (M x 0.05 x f)/A 

Application Example 1 

50 g of a copolymer of glycerol dimethacrylate and glycerol monomethacrylate (degree 
of crosslinking 70%, particle diameter 8 to 12 ^im) produced by a standard suspension 
polymerization reaction method were poured into 100 mL of 5N-NaOH solution and ultrasonic 
dispersing and stirring were performed at room temperature for approximately 60 min. 
Subsequently, 143 g of 51% p-diethylaminoethylchloride hydrochloride solution were added and 
stirring was performed for 5 h at 50°C. 
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Furthermore, filtration was performed for the reaction product, washing and desalting 
were performed, washing was further performed with 100 mL of 1N-HC1 solution, and a 
thorough washing was done with water to produce an acrylic type anionic exchange resin having 
diethylaminoethyl as the functional group. 

The measured exchange capacity of the above-mentioned resin was 0.1 meq/g. 

Application Example 2 

(a) Conversion to hydroxyl group 

50 g of a copolymer of ethylene glycol dimethacrylate and glycidyl methacrylate (degree 
of crosslinking 70%, particle diameter 4 to 5 (im) produced by a standard suspension 
polymerization reaction method were poured into 250 mL of 2N-H2SO4 solution, and a reaction 
was performed under stirring at a temperature of 50°C for 5 h, so a ring-opening reaction of the 
glycidyl group was performed. 

Furthermore, filtration was performed for the reaction product, cleaning and desalting 
were performed and production of a crosslinked polyglycerol methacrylate resin having a 
hydroxyl group was performed. 

(b) Introduction of functional group 

10 g (dried product) of the resin produced in (a) were poured into 20 mL of 5N-NaOH 
solution, a treatment was performed with ultrasonic dispersing and stirring being done at room 
temperature for approximately 60 min, and subsequently, 28.7 g of 51% 

p-diethylaminoethylchloride hydrochloride solution were added and stirring was performed for 5 
h at 50°C with a reaction being carried out. Furthermore, filtration was performed for the 
reaction product, washing and desalting were performed, and washing was further done with 20 
mL of 1N-HC1 solution; then, a thorough water wash was provided and production of an acrylic 
type anionic exchange resin having diethylaminoethyl as the functional group was achieved. 

The exchange capacity of the ion exchange resin produced in the present application 
example was 0.14 meq/g. 

Practical Example 1 

Ion exchange chromatography was performed with the separator produced in Application 
Example 2 using mixed proteins of myoglobin, egg albumin, and trypsin inhibitor by means of a 
gradient elution method. 

The chromatogram is shown in Figure 1. A good chromatogram in terms of the column, 
number of rows and degree of separation was obtained. 
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In this case, the device used for the ion exchange chromatography was a Shimazu LC6A 

system. 

For eluate A, 14 mmol-tris hydroxy methylaminomethane-HCl buffer (pH 8.0) was used, 
and for eluate B, 0.5 mol of sodium chloride was added to eluate A and used. 

For the gradient from the eluate A to B, a 20 min linear gradient was used, and elution 
was performed. The flow velocity of the eluate was 1 mL/min. The detection was performed by 
ultraviolet (UV 280 nm) and absorbency was measured. 

Application Example 3 

In Application Example 2(a), the degree of crosslinking of the copolymer of ethylene 
glycol dimethacrylate and glycidyl methacrylate was changed to 60%, and production of an 
acrylic type anionic exchange resin having a diethylaminoethyl group as a functional group was 
performed as in the case of Application Example 2(a) and (b). 

The exchange capacity of the separator produced was 0.3 meq/g. When an evaluation was 
done for the separator according to Practical Example 1, the same good results described in 
Practical Example 1 were achieved in the column, number of rows and degree of separation in 
this case as well. 

Application Example 4 

In Application Example 2(a), the degree of crosslinking of the copolymer of ethylene 
glycol dimethacrylate and glycidyl methacrylate was changed to 80%, and production of an 
acrylic type anionic exchange resin having a diethylaminoethyl group as a functional group was 
carried out as in the case of Application Example 2(a) and (b). 

The exchange capacity of the separator produced was 0.12 meq/g. When an evaluation 
based on chromatography was performed, the same good results described in Practical Example 
1 were achieved in the column, number of rows and degree of separation in this case as well. 

Application Example 5 

(a) Introduction of a 3-halo-2-hydroxypropyl group 

10 g (dried material) of a reaction product produced in Application Example 2(a) were 
placed in 50 mL of 0.2 mmol/mL epichlorohydrin-tetrahydrofuran solution, then, 0.2 mmol of 
97% H 2 S0 4 was added per 1 g of polymer, and a reaction was performed at 70°C for 2 h under 
stirring. Filtration and water wash were performed for the reaction product, then, cleaning was 
performed in methanol, and finally, drying was done at 50°C for 3 h. 

When a measurement was performed for chlorine atoms of the 3-halo-2-hydroxypropyl 
group according to elemental analysis, 0.5 mmol/g was obtained. 
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(b) Amination treatment of 3-halo-2-hydroxypropyl group 

10 g of the reaction product produced in (a) were poured into 50 mL of 1 mmol/mL 
trimethylamine solution, and a reaction was carried out at 50°C for 5 h while stirring was being 
performed. After cooling, filtration was performed for the reaction product, a water wash was 
performed, washing was performed with 100 mL of 1N-HC1 solution, and a thorough water wash 
was provided to produce an acrylic type anionic exchange resin having 

trimethylamino-2-hydroxypropyl as the functional group. The exchange capacity in this case was 
0.5 meq/g. 

When an evaluation was done for the above-mentioned acrylic type anionic exchange 
resin having trimethylamino-2-hydroxypropyl as the functional group by means of 
chromatography, the same good results as an acrylic type anionic exchange resin having 
diethyl aminoethyl as the functional group (Practical Example 1) were achieved in the column, 
number of rows and degree of separation in this case as well. 

Application Example 6 

50 g of a copolymer of ethylene glycol dimethacrylate and 2-hydroxyethyl methacrylate 
(degree of crosslinking 70%, particle diameter 8 to 12 |im) produced by a standard suspension 
polymerization reaction method were poured into 200 mL of 5N-NaOH solution, and ultrasonic 
dispersing and stirring were done at room temperature for approximately 60 min. Subsequently, 
196 g of 74% p-diethylaminoethylchloride hydrochloride were added and stirring was performed 
for 6 h at 30°C with reaction achieved. 

Furthermore, filtration was performed and washing and desalting were carried out; then, 
further washing was done with 100 mL of 1N-HC1 solution; then, a thorough water wash was 
provided and production of an acrylic type anionic exchange resin having diethylaminoethyl as 
the functional group was achieved. The exchange capacity in this case was 0.1 meq/g. 

Comparative Example 1 

10 g (dried material) of the crosslinked polyglycerol methacrylate resin produced in 
Application Example 2(a) were placed in 20 mL of 2N-NaOH, and ultrasonic dispersing and 
stirring were done at room temperature for approximately 60 min. Subsequently, 10.9 g of 8% 
p-diethylaminoethylchloride hydrochloride aqueous solution were added and stirring was 
performed for 3 h at 30°C. Furthermore, filtration was performed and washing and desalting 
were performed; then, further washing was done with 100 mL of 1N-HC1 solution; then, a 
thorough water wash was performed and production of an acrylic type anionic exchange resin 
having diethylaminoethyl as the functional group was achieved. 

The exchange capacity in this case was 0.03 meq/g. 
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When an evaluation was done for the acrylic type anionic exchange resin having 
diethylaminoethyl as the functional group by chromatography, an adequate chromatogram was 
not obtained due to the low exchange capacity. 

Comparative Example 2 

An elution test was performed for a packed column (inner diameter of 7.5 mm and length 
of 75 mm) of an acrylic type porous anionic exchange resin for biopolymers produced and 
marketed by Mitsubishi Kasei Co., Ltd. known by the product name MCI GEL CQA-31B 
(functional group is a diethylamino group, 0.4 meq/g, pore diameter 1000 A) as in the case of 
Practical Example 1. In this case, the gradient time was 30 min. The chromatogram obtained is 
shown in Figure 2. 

In this case, the width of the main peak of each component obtained is wide, and 
separation of sub-peaks was poor. 

It should be noted that the gradient time reduces the elution time, but it does not 
contribute to an increase in separation of each component. 

Effect of the invention 

The acrylic gel type anionic exchange resin of the present invention has a specific degree 
of crosslinking, particle diameter, and exchange capacity, and can be effectively used for highly 
sensitive and high separation analysis of biopolymers (proteins) in ion exchange chromatography 
based on the gradient separation method. 

Brief description of the figures 

Figure 1 is a chromatogram of the acrylic gel type anionic exchange resin produced in 
Application Example 2 according to Practical Example 1. 

Figure 2 is a chromatogram of the acrylic type porous anionic exchange resin produced in 
Comparative Example 2 according to Practical Example 1. 
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